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In the title compound, [Co(C 12 H 8 N02)2(H 2 0)4], the Co atom 
lies on a twofold rotation axis and has an N 2 0 4 octahedral 
coordination environment formed by four O atoms of water 
molecules in the equatorial plane and two apical N atoms of 
pyridine groups. An intricate three-dimensional supra- 
molecular network is formed by multiple O— H- ■ O hydrogen 
bonds between the coordinated water molecules and the 
uncoordinated carboxylate groups. 

Related literature 

For the design of metal-organic complexes, see: Ruben et al. 
(2003). For pyridyl-multicarboxylate-metal frameworks, see: 
Huang et al. (2007). For similar pyridylbenzoate complexes, 
see: Luo et al. (2007). For self-effacement of carboxylate 
groups in coordination chemistry, see: Lu et al. (2008). 
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Table 1 

Selected geometric parameters (A, °). 





Experimental 

Crystal data 

[Co(C 12 H 8 N0 2 ) 2 (H 2 0) 4 ] 

M, = 527.38 

Monoclinic, C2/c 

a = 24.642 (10) A 

b = 7.128 (3) A 

c = 13.822 (6) A 

P = 112.660 (7)° 



V = 2240.4 (16) A 3 
Z = 4 

Mo Ka radiation 
jn = 0.82 mm -1 
T = 296 K 

0.27 x 0.21 x 0.17 mm 
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Symmetry code: (i) — x + 1, y, — z + 1. 



Table 2 

Hydrogen-bond geometry (A, °). 
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177 (4) 


02-H2B- ■ 04 lv 
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172 (4) 


Symmetry codes: (ii) 


— x + |, 


-y+i 


-z; (iii) x + l,y 


- \, z; (iv) x + i y - 





Data collection: SMART (Siemens, 1996); cell refinement: SAINT 
(Siemens, 1994); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXL97. 

This work was supported by the Natural Science Founda- 
tion of China. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: YK2023). 
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Tetraaquabis [3-(pyridin-4-yl)benzoato-/dV] cobalt(II) 
H.-R. Wang and G.-T. Li 

Comment 

The synthesis and exploration of multifunctional metal-organic complexes is a current topic of chemical research (M. Ruben, 
et al., 2003). Pyridyl-containing multi-carboxylic acids, a kind of gracious multifunctional spacers, have been widely used 
to construct various extended metal-organic frameworks with attracting properties (Y. Huang, et al., 2007). Pyridylbenzoate 
ligands are typical unsymmetrical spacers, but up to now their coordination chemistry has been discussed uncommonly. From 
our best knowledge, only one coordination compound of 3-(pyridin-4-yl)benzoic acid (PBC) of pyridylbenzoate family was 
synthesized and characterized up to now (J. Luo, et al., 2007). Herein we report a new Co(II) complex with PBC, namely, 
[Co(PBC)2(H 2 0) 4 ] (1). 

As showed in Fig. 1, (1) is a mononuclear complex with a twofold axis passing through the Co(II) center along b axis 
and equally splitting the whole complex molecule. In (1), the Co(II) center is ligated by four O atoms of coordinated water 
molecules in the equatorial plane, whereas two PBC act as monodentate N-donating ligands with their pyridyl nitrogen 
atoms occupying the axial positions. Thus the cobalt(II) ion is six-coordinated and has octahedral coordination geometry. 
The bond distances Co — O and Co — N range from 2.098 (3) to 2.148 (3) A, while the in-plane and axis-transition angles 
are 175.22 (10) and 175.97 (15) °, respectively, indicating a slight distortion of the octahedral coordination sphere around 
the Co(II) center. 

Owing to the self-effacement of the versatile carboxyl groups in coordination chemistry (W. G. Lu, et al., 2008), the 
potential multifunctional PBC ligands in (1) act as terminal ligand only, rather than bridging one, very dissimilar to that 
in literature structure (J. Luo, et al., 2007). Further aggregation of monomers (1) is performed by the multiple hydrogen 
bonds between the coordinated water molecules (as donors) and the uncoordinated carboxylate groups (as acceptors) (Table 
1). Hydrogen-bonding system among monomers (1) is rather complicated: each coordination water molecule forms two 
O — H - 0 hydrogen bonds with carboxylate groups of neighbouring complex molecules, while every carboxylate group of 
PBC forms three hydrogen bonds. Consequently, every monomer acts as a novel six-connected supramolecular synthon to 
connect with six adjacent monomers. For example, as shown in Fig. 2, the 04 of the carboxylate group of PBC ligates to 
two water molecules from two neighboring monomers, and as a result, monomers (1) are regularly arrayed in the ab<i> 

plane and linked into 2D layers by strong hydrogen bonding (01 04 m , 2.743 (4) A; 02 - 04, 2.714 (4) A). The layer 
structure is stabilized by forceful face-to-face n—n stacking interactions between adjacent benzoate and pyridyl groups of 
PBC with a centroidto centroid distance of 3.60 (1) A. Intriguingly, the dihedral angle between benzoate and pyridyl groups 
in PBC is equal to 26.9 (0) ° to meet the formation of hydrogen bonds. The layers are further bound together to create the 
3D supramolecular architecture by hydrogen bonds between the 03 atom of the carboxylate group of PBC and two water 
molecules in the adjacent complex molecule. 
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Experimental 



The title compound, (1), was prepared according to the following process. A mixture of Co(N03)2-6H20 (0.029 g, 0.1 
mmol), PBC (0.040 g, 0.2 mmol) and deionized water (10 ml) was adjusted to the pH value about 7 by adding 0.1 M sodium 
hydroxide solution and then sealed into a 25 ml Teflon-lined stainless autoclave. The autoclave was heated at 160 °C for 3 
days. After cooling to room temperature gradually, dark-red block crystals being characterized as the previously reported 
complex (J. Luo, et al, 2007) were obtained in 30% yield (based on Co). Allowing the red filtrate to evaporate slowly at 
ambient temperature for two months, pink crystals of (1) suitable for X-ray analysis were obtained in 58% yield (based 
on Co). 



The H atoms of water were located from the difference Fourier maps and included in the final refinement by using geomet- 
rical restrains, while the other hydrogen atom positions were generated geometrically and these H atoms were allowed to 
ride on their parent atoms. 



Refinement 



Figures 




Fig. 1. ORTEP diagram of (1) with atom numbering scheme (30% probability ellipsoids for 
all non-hydrogen atoms). Symmetry code: (i) -x+ \,y, -z + 1/2. 




Fig. 2. View of regular arrangement of molecules (1) directed by strong hydrogen bonding 
to form two-dimensional layers and face-to-face it— n stacking interactions between adjacent 
benzoate and pyridyl groups of PBC. Symmetry codes: (i) -x + \,y, -z + 1/2; (ii) -x + 1/2, -y + 
1/2, -z; (iii) x + 1/2, y - 1/2, z; (iiii) x + 1/2, y + 1/2, z. 



Tetraaquabis[3-(pyridin-4-yl)benzoato-KiV]cobalt(ll) 



Crystal data 

[Co(C 12 H 8 N0 2 ) 2 (H 2 0) 4 ] 
M r = 527.38 
Monoclinic, Cllc 
Hall symbol: -C 2yc 
a = 24.642 (10) A 
6 = 7.128 (3) A 
c= 13.822 (6) A 
(3= 112.660 (7)° 

V= 2240.4 (16) A 3 
Z=4 



^(000) = 1092 

D x = 1.564 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 981 reflections 

6 = 3.0-21.3° 



|i = 0.82 mm 
T=296K 
Block, red 



0.27x0.21 x 0.17 mm 



Data collection 



Siemens SMART CCD 
diffractometer 



1499 reflections with I > 2a(7) 
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Radiation source: fine-focus sealed tube Rmt - 0.043 

graphite 0 max = 25.0°, 0 m i n = 1 . 

co scan h = -23^29 

4423 measured reflections k = -8— >8 

1974 independent reflections / = -14— >16 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 20CF 2 )] = 0.049 

wR(F 2 ) = 0.131 

S= 1.02 

1974 reflections 
171 parameters 
4 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[a 2 (F 0 2 ) + (0.0755P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Apmax = 0.63 e A~ 3 
Apmi„ = -0.43 e A~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement, ic-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Atomic displacement parameters (A 2 ) 
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Symmetry codes: (i) -x+\,y, -z+1/2. 
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Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D-A D—R-A 

01— H1A-03" 0.84 (1) 1.89 (2) 2.692 (4) 159 (4) 

02— H2A-03" 0.84(1) 1.94 (2) 2.741 (4) 160 (4) 

01— HlB-04 ffi 0.84 (1) 1.91 (1) 2.743 (4) 177 (4) 

02— H2B-04 iv 0.84 (1) 1.89 (1) 2.714 (4) 172 (4) 
Symmetry codes: (ii) -x+1/2, ->>+l/2, -z; (iii) x+1/2, y-1/2, z; (iv) x+1/2, y+V2, z. 
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